We consider a quark-lepton symmetry model of unification of the strong and electromagnetic interactions. The model has the gauge group SU (4) × U (1)Y and the minimal Higgs structure consisting of one complex quartet of scalar particles. The spontaneous breakdown of the gauge group to SU (3)c × U (1)em due to nonzero vacuum expectation value of the Higgs quartet provides the simplest realization of the Higgs mechanism which generates masses for gauge bosons, and masses to quarks and leptons. Using the embedding of the gauge group to SU (5), we study the evolution of coupling constants and find a connection of the couplings with the gauge couplings of the standard model.
Despite the apparent striking success of the standard model (SM), there are a number of properties that this model does not explain, including the quantization of the electric charges of elementary particles, the ratios of the values of the respective standard-model gauge couplings g s , g, and g ′ , and the interconnected manner in which quark and lepton contributions to gauge anomalies cancel each other (separately for each generation). For the SM to be consistent the Higgs boson mass should be relatively light M H ≤ 1 TeV. To explain the smallness of the Higgs boson mass some delicate cancellation is required that is rather nontrivial "fine tuning" or gauge hierarchy problem. Other nontrivial problem is that the SM can't predict the fermion masses, which vary over at least five orders of magnitude (fermion problem). These and other deficiencies of the SM motivated the effort to construct theories with higher unification of gauge symmetries.
One of the possible variants of such theory can be induced by the possible four color quark-lepton symmetry of Pati-Salam type treating leptons as the fourth color [1] (see also [2] ). In the present paper we propose a quarklepton symmetry model of unification of the strong and electromagnetic interactions. The model to be discussed here is based on the SU (4) × U (1) Y group as the minimal group containing the four-color symmetry of quarks and leptons. Noting that SU (4) × U (1) Y as a flavor group has been considered before in the literature (see e.g. [3] ). However, in such papers as a rule possible extensions of the Glashow-Weinberg-Salam theory is studied. Whereas we construct an analogue of the electroweak theory whose symmetry group
We start by the following observation [4] . The gauge group SU (5) has two inequivalent maximal breaking patterns:
In the first case, we obtain the Georgi-Glashow SU (5)-model [5] . We shall study the second case of the breaking patterns. As in the Georgi-Glashow model, we place the first generation of fermions in the 5 * + 10 representation of SU (5) in the following way:
Now we note that the simplest representations of SU (5) have the following SU (4) × U (1) content:
These representations uniquely (to within the chirality of fermions) determine multiplets of fermions and gauge fields. Using (4) and (5), we get the following multiplets of spinor fields:
and
Using the adjoint representation (6) 
where
is the Yang-Mills Lagrangian without matter fields,
is the Lagrangian describing the Higgs quartet interaction with SU (4) × U (1) Y gauge fields,
is the Lagrangian describing Higgs doublet self-interaction, ) is the Lagrangian describing the interaction of fermions with gauge fields, and
is the Lagrangian describing the Yukawa interaction of the fermions with Higgs quartet.
Here the covariant derivatives is given by 
Λ 7 = 1 6 (e 11 + e 22 + e 33 − 3e 44 ),
and Λ a are defined by (16) as a = 8, . . . , 15. Here e ij are matrices with the elements (e ij ) mn = δ im δ jn and α = 1, 2, 3. It follows from (15) and (16) that the multiplet (8) must be SU (3)-invariant. On the other hand, the skewsymmetric representation of SU (4) has the SU (3) content 6 = 3 + 3 * . Therefore in (13) and (14) we use the representation
where e [ij] = e ij − e ji , in place of (8). Here we take advantage of the charge conjugation formula and SU (4)-invariance of the Levi-Civita tensor ε ijkl .
The hypercharge Y is equal to the doubled mean charge of the multiplet
and also
It follows from (14) that
Finally, the complex multiplet
For µ 2 , λ > 0, the vacuum expectation values of the components of Φ are
so that we have the breaking pattern
In order that to define the mass spectrum we define the fields
and diagonalize the mass matrix by the orthogonal transformation
Then we get
Substituting the fields (26)-(28) in the Lagrangian (9), we get
Here the anti-quarks u cα and d cα are denoted by the symbols ψ cα q ,
Suppose m ψ is the mass of ψ and g is connected with the effective QCD coupling α s by the relation
Then L QCD is exactly coincides with the Lagrangian describing the strong interactions of colored anti-quarks and gluons in the SM. The interaction of charged currents is described by the Lagrangian
Obviously, the vector leptoquark W ′α µ has the electric charge +1/3. For the neutral currents in (31), we have
Here the anti-quarks and leptons are denoted by the symbols ψ cα q and ψ l respectively, Q (f ) is a charge of the fermion ψ f and N (f ) is a diagonal element of the matrix
Suppose that g is connected with the effective QED coupling α by the relation
Then the first term in the right hand side of (37) is exactly coincides with the Lagrangian describing the electromagnetic interaction in the Glashow-Weinberg-Salam model. Comparing (34) and (41), we get
Now we again imbed the SU (4)×U (1) Y gauge group in the SU (5) gauge group and consider the evolution of the coupling constants g and g ′ . The evolution of couplings in gauge theories with the groups SU (n) is described by the renormalization group equation
Solution of this equation for g n is
Since the SU (4)×U (1) Y gauge theory has four multiplets of chiral fermions and one quartet of charged scalars, it follows that the one-loop beta function coefficients
where n is the number of generations. On the other hand, the embedding of SU (4) × U (1) Y in the SU (5) gauge group imposes the coupling constant relations
as µ = µ 0 . Using (29) and (41), we represent the relation (44) for n = 1 and 4 in the form
where b 
We assume that (54) defines the symmetry-breaking scale of the SU (4) × U (1) Y gauge theory, i.e. that µ 0 is coincided with the vacuum expectation value v in (24). Then we get
M Z ′ = 3996 ± 77 GeV.
Further, we consider the vector current effective Lagrangian
in the limit of energies low compared to the W ′ mass. Suppose that
where G F is the conventional Fermi coupling constant, known from the muon decay rate to have the value G F = 1.166367(5) · 10
